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EFFECT OF COMBUSTION-CHAMBER SHAPE ON THE PERFORMANCE
OF A PRECHAMBER COMPRESSION-IGNITION ENGINE

By C. S. Moore and J. H. Collins, Jr.

SUMMARY

The effect on engine performance of variations in the
shape of the prechamber, the shape and direction of the
connecting passage, the chamber volume using a tangential
passage, the injection system, and the direction of the
fuel spray in the chamber was investigated using a 5 by 7
inch single~cylinder compression-ignition engine. The re-
sults show that the performance of this engine can be con-
slderably improved by selecting the best combination of
variables and incorporating them in a single design.
best combination as determined from these tests consisted
of a disk—~shaped chamber connected %to the cylinder by
means of a flared tangential passage, The fuel was in-
jected through a singles~orifice nozzles directed normal %o
the air swirl and in the same plane, At an engine spesd
cf 1,500 r.pem. and with tho theoretical fuel guantity for
no excess air, the engine developed a brake mean effective
pressure of 115 pounds per square inch with a fuel con-
sumption of 0.49 pound per brake horsepower-hour and an
explosion pressure of 820 pounds poer square inch. L& braks
mean effective pressure of 100 pounds per square inch with
a brake-~fuel consumption of 0.44 pound per horsepower-
hour at 1,500 r.pem. was obtained,

INTRODUCTION

The prechamber type of cylinder head for compression-
ignition engines employing forced air flow for mixing
fuel aund air is widely used Dy englne dbpullders., Consider-

able work that is of value to the engine designer has been
(See bidliogra~ "~

done on thls type of combustion chamler.
phy.) Host of the work, however, has been theorstical
analysis and but 1ittle has been substantiated by engine
teste.
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The National Advisory Committee for Aeronauntles 1s
conducting at Langley Field, Va., an investigation of the
prechamber type of cylinder head for compresslon-ignition
engines in order to determine the best arrangement of the
several variables to give maximum engine performance (ref-
eronces 1 and 2). Two of the major variables, clearance
distribution and connecting-passage size, have been in~
vestlgated and the results reported in references 3 and 4.

The present work covers the resoarch conducted in
1933 and early in 1934 and is a continuvation of the inves~-
tigation of the prechambor type of cylinder head. The
variables investlgated were: the shape of the prechamber,
the shape and direction of the connecting passage, the
volume of the chamber using a. tangéntial passage, the fuel-
injection system, and the direction of the fuel spray in
the prechamber. The portion concerned with clearance dis-
tribution was done using tangential instead of radiel pas-
sages as in the previous investigation (reference 3).

APPARATUS AND METHODS

The test squipment used for the tests herein reported
was.the same as that described in references 3 and 4.
(See fig..l.) The most important pieces of apparatus and
the standard test conditions were as follows:

Bngine « '« o o o o o o o o Universal test engine
i base; single~cylinder,
-5 by 7 inches; 4-cycle

Oylinder head . . . .« « « N.A.C.A. design 7 wilth
- different chambers
(figs. 2 and 3)

Compression ratio . . . ... 13.5
Explosion-pressure indicator . balanced-diaphragm type

Fuel « « « « 4 ¢« ¢« « o « « +»  Auto Diessel, viscosity 41
: seconds Saybolt Univer-

sal at 80° ¥,

Fulle~load fuel quantity. . ' - 2 -

(no excess air) . . « . . . 0.000325 pound per cycle

: - (Air/fuel = 14.5)
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Fuel temperature (room) . . . 80° ¥.

Engine lubricating oil

Semperature (out) <. . 140° 7T,

Cooling water temperature ) . —
(ot) & & & & & o & o o 170° F.

Temperature of inlet air . . 95° F.

'The following apparatus and test conditions remained
unchanged in all tests except those in which each ftem ~
was varied separately and independently:

Engine speed .+ « 4 . « .+ .« + 1,500 Tepeme.

Fuel-injection pump . « » . « N.A.C.A. design 7A (cam-
operated constant
stroke)

Injection period (at o
1,500 TeDemlma) o s e e s 21 crankshaft iggieégnm

Injection advance angle . . . 3° to 7° (before top cen~—
ter)

Fuel~injection valve . . . . N.A.C.A, design 13 (spring-
loaded hydraulic)

Spray typs .« « . . + . . . . conical, small angle

Nozzle type . . . ¢« « + . . single orifice, 0.050-
inch diameter

Fuel-valve location . . . . « location 1 (fig. 3)

Valve-opening pressure . . . . 3,500 pounds per sguare
inch

The volume of the auxiliary chamber was held at 50
percent of the total clearance throughout the majority of
the tests and the connecting passage was malntalned a%t

f%—1nch diameter or the equivalent area. Although those

are not the optimum proportions for auxiliary-chamber de-
sign, the sacrifice in performance is sufficiently small
(references 3 and.4) to justify their use to maintain con-
tinulty throughout the entire investigation.
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Connecting passage direction and shape.—~ The effect of
connecting~passage direction in chamber and cylinder was
first investigated. The passage was brought lnto the cham—~
ber at two different angles, iee., radially and tangen-
tially (fig. 2). The direction was changed by using in~
‘serts designed and constructed to permlt such variations.
When using the tangential passage, the direction of the
passage 1ln the cylinder was changed by rotating the cham-
ber cap and passage ingsert as & unit. The increment of
rotation was 36°, which was determined by the spacing of
the chamber-cap studs. The tests were made by rotating
the cap two increments to the right and left. The ends
of the passage werec successively flared to determine the
effect of passage shaplng.

Tests were made on a three-passage insert. ZEach of
the three passages was deslgned on a proportional-area
principle (reference 5) and, as nearly as the mechanical
limitations of the head would permit, directed into the
cylinder to serve a predetermined volume of air. The com-
bined area of the three passages was equal to thet of the

standard i%winch diameter passage.

Chember shape.- The effect of puxiliary-chamber shape
was Investigated for a limited, though carefully selected,
series. A number of shapes might have been trised but anal-
¥sls of the problem eliminated thoss obviously unsultadle
for uses Analysis and test results indicated the advisa-
bility of confining the test shapes to volumes of revolu-
tion in order to conserve the residual air flow. (See
also reference 2.,) The spherical chamber of the first
tests was changed to a dislt rounded at the outslde edge
and arranged vertically sc that the plane of the disk was
parallel to the axis of the. engine cylinder. The connsct-
ing passage was introduced tangentlally to the disk (fig.
3)s Three injection~valve holes were provided as shown
and power tests were made with the fuel valve in each of
three holes., After these tests the disk-shaped chamber
was changed to that of 2 toroid by inserting a2 solld spool
in the axis of the disk

. Chamber volume.~ The effect of increasing the guanti-
ty of air rotated in the prechanber was investigated by
changing the volume of the chamber from 50 to 70 percent
of..the total clearance volume while using a tangential
.connecting passage. Spherical chambers were used for the
tests because tho least construction of new parts was ro~
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quired. The set-up employed in the previous tests on clear-
ance distribution (reference 3) was duplicated and check
tests were made. The ftangential passage was substituted
for the radial passage and tests comparable with those

made using the radigl paésage weré obtained.

The approximate direction of the air flow- for both
the 50-percent and the 70-percent chambers with radial and
tangential passages was indicated with air-flow patterns
made by extending a number of copper nibs into the auxil-
iary chamber of a gasket clamped betwseen the two parts of
the ‘chamber, a8 described in reference 2. When taking the
air-flow patterns, the engine was started from rest and
brought up to 1,500 r.p.m. as quickly as pos31ble and then
shut down.

Fuol—valve location.~ The variation in pcrformanco
obtained by oporating with the fuel valve first in the
center and then in the top injection valve holes was do~
termined for both prechambers and both connecting passages.

Injection systems.~ The best combination of the pre-
viously mentioned variables was selscted and used 1in an
investigation to determine the optimum injection system
for use with this assembdly. Three fuel pumps were select-
ed having widely different characteristics and were tested
with different fuel-valve assemblies. The N.A.C.A. 7A and
also the commercial fuel pump are cam—operated and of con-
stant~stroke, but have different rates of displacement. '
The third injection pump was the N.A.C.A. 12, a cam—-oper-
ated, plunger-type bdbut with injection caused by the re-
lease of pressure stored in a reservoir of proper volume.
This pump gives a much faster rate of injection and was
used %o obtain a shorter injection period than those given
by the other two pumps. For convenience of reference to
the sgqulipment, the ladboratory designations will Dbe used.
The effect of orifice length/diameter ratio was determined
using the gingle 0.050-~inch diameter orifice and the
N.A.C.A. 7A fuel pump. The results obbtained by wusing mul-
tiple orifices to distribute the fuel by injection as well
as by alr flow were also determined. Tests of a pintle
nozzle with two different injection systems were included
in the injection-system investigation.

In order %o lmprove the inherently poor starting abil-
ity of this type of combustion chamber, a series of start-
ing tests was made using an asuxiliary valve and injecting
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'the fuel into’ the cylinder instead of into the prechamber.

ﬂ ‘O 008~1nch diameter orifice nozzle was used with a
valve-onening preSSLre of 2,500 pounds per square inch,
The-éngine was motored by the dynamometer at gradually 1in-—
creasing speeds until the engine started firing and the
speed could be maintained under 1ts own power., The pro-
cedure was followed with the same fuel nozzle in the pre-
chamber.' :

Test methods.~ In the previously outlined tests of
this investigation no attempt was nade to obtain complete
data'for each 'of the variables under consideration. In
most.cases power ‘tests consisted of full—-load and flame-
‘start runs, il.e., fuel quantity for no excess air and for
that fuel quantity producing the firet sign of flame in
the exhaust pipe. These tests were made at 1,500 r.pem.
in all cases,,and additional ones at 1,000 r.p.ms for some
conditions. ' A variable fuel—quantity run was made using
the best cOmbinatlon of the variables covered in this re-
- porta

The cylinder head consisted of the disk chamber con~,
nocted to the cylinder clearance by a single round pas- .
sage’ tangential to the diesk, The N.A.C.A. 7A fuol pump
used in congunctlon with the . single 0.050-1inch dlaneter
fuel~injector Qr1f1ce havinm an . L/D .0f 6 comprlsod the
inaection system. - .

~Thepower data obtained in all tests were fuel con~
sumptlon, brake meé4n effective pressure,. and explosion
pressure in the eylinder., The operating conditions were
recorded but corrections for atmospheric pressure and hu-
nidity have not been applied to the results. The data
have not been reduced to standard conditions because there
is no generally accepted method of correcting the perform-
ance of a compression~ignition engine, The uncorrectsd
performance from day to day could be checked to within 1
percents At full-load fuel guantity for the best combus-
tion chamber and injection~system assembly, indicator
cards were taken from the chamber and cylinder at normal
injection advance angle. The injection timing and spray
characteristics were observed by moansg of a Stroborama and
recorded for all charges in the 1ngect10n svstom.
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RESULTS AXD DISCUSSION

General operating characteristicgs.~ The genseral oper-
ating characteristics of the engine, that is, starting
ability, 1dling ability, cyeclic regularity, and combustion
shock were affected but little by any of the changes made
during these tests. A change from the diesel engine fusel
used in previous tests to Auto Diesel fuel reduced the
tendency toward combustion shock, increased the injection
advance angle range, and decreased the cyclic variation
in maximum cylinder pressure from #75 to *40 pounds per
square inch. The combustion shock common to the precham-
ber type of engine wasg present in all tests; 1t was not,
however, considered objectionable. The combustion rates
of pressure rigse in the cylinder and the prechamber were,
rogpectively, 68 and 45 pounds per square inch per degree
at 1,500 r.p.m. with the Dest combination of variables
covered in this report. The rates of pressure rise re-
ported in the previous pudblications of this series were
-approximaetely 86 and 75 pounds per squars inch per degree
at 1,500 repems for cylinder and chamber, respectively.

Starting at 70° ®. could be effected by motoring the
engine at speeds varyling from 400 to 600 r«pe.me; hot
starting (immediately after power running) couvld be ob-
tained in two revolutions of the crankshaft (one compres-—
sion stroke) under all conditions. The minimum idling
speed obtainable varied from 300 to 400 r.p.m. Variations
in the combustion-chamber shape 4id not appreciadbly affect
the combustion ghock but changes in the injection charac—
teristics had a noticeable effect upon the combustion
sound.

Marked improvement in the ability of the engine to
start when at a temperature of about 70° F, was obtained
by injecting into the cylirder. 3By the employment of a
nozzle with a single 0.008~inch diameter orifice and the
injection of only a small percentage of full-load fuel .
quantity, starting could be obtained by motoring the sn~-
gine at from 200 to 300 r.p.m., whereas with injection in-
to the chamber using the same nozzle a gpeed of 600 to 700
Tepelte Was required. The improvement in starting is due
to a higher temperature in the cylinder, which is caused
by a smaller heat loss from the compressed alr charge in
the cylinder,
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Effect of passage direction and fliaring.~ The purpose
of directing the passage tangentially to the chamber in-

gtead o0f radially was to crsate a high-velocity, rotational,

residual air flow in the auxiliary chamber to improwve the
fuel.and air mixing. Figure 4 shows that increasing the
rotational air flow, ag by using a tangential passage,
does improve the engine performance,

As discussed in a later section of this report, the
radlal passage permitted a slight tangential and rotation-
al air flow in the chamber; the engine performance of fig-
ure'4 is therefore for different intensities of rotational
air flow. The performance point (a) is for the radial
passage and domed piston crown (reported in reference 4)
which gave a glight tangential and rotational air flow in
the chamber. As part of an investigation now belng ex-
tended, the top of the domed piston crown was made flat so
that only the edge of the piston crown conformed to the
contour of the cylinder head anéd most of the cylinder
clearance was over the flat of the plston crown. This al-
tered clearance shape gave the performance indicated by
point (b)., The increase from (a) to (b) is probadbly the
regult of two causes: Tirst, the air masged over the pis-~
ton crown center is more readily reached and burns more
efficiently than if it were distridbuted over the entire
crowny second, in the region of the connecting passage
the displacer action of the piston edges, on approaching
top center, can incrceasec the tangential and rotational air
flow in the auxiliary chamber. The tangentlal passage
gives the maximum tangentiel and rotational ailr flow which
in turn causes a ‘further increase in ongine performance
indicated by point (c).

The effect of flaring the ends of the connecting pas-
sago is shown by (d) and (e). Rounding the cylinder end
of the connecting passage increased the performance pre-
sumably Dy allowing the issulng Jet to spread throughout
more of the c¢ylinder clearance. Rounding the chamber end
of the passage evidently decreaged the effective air swirl
in the chamber beceauge both indicated and brake perform-
aace were decreased. ' As the pumping lossos, f.m,e.p., also
decreased the brake performance was reduced but little,

The effect of passage direction in the cylinder was
investigated using the disk-~shaped auxiliary chamber dis-
cusged later. The resulits are therofore to be considered
indopendently of the first passage~dircction tests. Tho
degroes indicated along the absgcissga of figure 5a show the



N.A.C.A. Technical Note ¥o. 514 9

rotation of the chamber cap and the insert toward and away
from the exhaust valve. The change being made in this
manner, all other conditions were maintained and the effect
.0f passage direction in the cylinder is the only variable
to be considered. The ourves show that the power decreases
for a change in passage direction on either side of the
center position, The carbon formation on the piston crown
showed that the desired swirl in the cylinder was set up
but the results indicate that the swirl was ineffective

in improving combustion of the cylinder alr and instead
hindered the fuel in reaching the unburned cylinder air.
This condition, of course, means that the burning occurs
later in the stroke with a resulting decrease in cycle
efficiencye.

Figure 5b shows the results of tests on the three-
passage insert. The most interesting feature of these
curves is the friction mean effective pressure shown for
the three~passage insert, which 1s no greater than that
for the single-passage inserts. 4 small decrease in powser
resulted from the use of three passages elther because the
passages were too short to direct effectively the gases
in the .c¢ylinder or because the three passages entering the
prechamber caused a disturbance im the air flow in the
chamber that adversely affected the performance. The test
.results obtained did not warrant a more comprechensive in-
vegstigation,

Effect of prechamber shape and fuel-valve location.-
Figure 6 shows the effect of changing the prechamber shape
from that of a sphere to a disk of equal volume. The ef-
fect of fuel-valve location in the disk chamber is also
shown. The disk chamber, with the injection valve in the
center hole, gives an improvement in porformance over the
spherical chamber under similar conditions. This improve-
ment can be attributed to tho faect that in the digk cham~
ber the low-velocity zones common to the spherical cham-
ber are removed and all the rotating mass of air is put
inte the zone of the single fuel spray and the connecting
passage. This relation of chamber shape and fuel spray
evidently results in better mixing in the prechamber with
the resultant improved performance. ‘

The toroid chamber was used to intenslify ‘the air flow
st1ll further by removing the air in the low-~speed center
sectlion of the disk. Because the preliminary power tests
did not show an improvement in performance, a comprehen-
sive investigation was not conducted and the test data ob-
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tained wore not comnsidered of sufficient value to present.
It was believed that tho interferencoe with the air flpw
and fuel spray causcd by the insortion of theo solid comtor
in tho proechambor moroc than overbalanced the bonefitse of
removing the low—~volocity air from the center of the disk.
It is pogsiblre that the toroid chamber instead of increas—
ing the velocity of the alr decreased it owing to the
greater surface~volmme ratio, which increased the friec-
tional resistance.

The effect of fuel-valve location is also shown 6n
figure 6., The great difference in maximum power for the
three fuel=-valve holes provided in the disk chamber shows
the importance of the position of the fuel spray relatlve
to the-—alr movement. The best performance was obtalned
with the spray from the single—-orifice nozzle directed in
the same plane with the air flow and at only a small angle
from the direction at right angles to the air flowe The
spray was dirccted toward the connecting passage. The
worst performance was obtained with the fuel wvalve in the
lowest position. (See fig. 3.) In this position the
spray is injected counter to the air flow and should pen~
etrate directly through the passage to the eylinder., The
purpose of this arrgngemeont was to obtaln a rich mixture
adjacent to tiie pagsage reoady to be ejected into the cyle
inder by the burnlng in the chamber. With the chambor
cap rotated 180°, the lowor valve hole was in approximato-
ly the samo position but the spray was directed not through
the passago but up above the entrance to the passage and
the spray was at an angle to the air flow and not countor
to it. Thig condition gave an improvemont in perfgrmanco
of about 10 pounds per sguare inch brake mean offective
progsuro over that originally obtained with the fuol valve
in the lowest position. The results of these tests on
fuel=valve position led to a more comprehensive 1nveat1va~
tlion of this variable.

Effect of chamber volume and fuel~valve location.-
Analysis of previous work indicated that the greater the
amount of air in motion the better would be the mixing of
the fusl and air and consegquently the better the perform~
ances A tangential passage in conjunction with a chamber
that contained a larger percentage of the clearance volume
was used t6 increass the guantity of alr in motion. Filgure
7 shows that this analysis was correct for spherical cham-
bers because, with the fuel valve in the center hole, the
increase in the performance with increase. in chamber vol-
ume was greate’ when using a tangential passage than when
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using a radlal passage. The incrcecase in rotational, and
probably residual, air-flow velocity due to the tangen-
tial passage was sufflicient to make an appreciable differ-
ence in the performance. The investigation was made with
spherical chambers because their use entailed the manu~-
fadcture of only one new part and, although the maximum
performance would be lesg than with the disk chambers, the
indicated trend should be the same for both auxiliary-
chamber shapes.

The tangential connecting passage was used because
introducing the air tangentially to a volume of revolu-
tion assisted in setting up a rotatiomal swirl in the
‘¢hamber which should persist after the piston had reached
the upper limit of its travel., This residual air flow was
believed to be the cause of the incroased power and eovery
attempt was made to intensify and preserve the flow., This
theory could not pe proved because there are no means
available for measuring tho veloclty of the flow, although
the predonminating direction of the air flow was determimed
by means of the air-flow patterans. The tangential passage
was found to give air flow in thec prechamber that was tru-—,
ly a rotational swirl. The copper nibs of the alr-flow
pattorn on the axis perpendicular to the axis of the con-
necting passage were not boent, whilc those nibs directly
opposite tho passage and 180° therefrom were bent throusgh
a large angle and in a direction that indicated a rotation
of the zone into which the passage enters.

The indicated rotational air flow iIn the chamber us-
ing the tangential passage was to be expected, but the
air-flow pattern taken using & radial paggage to the same
chamber also showed rotational air flow but in the oppo-
site direction. The intensity of the flow, as indicated
by the angle of bend of the copper nibs, was not so great
ag. that obtained using the tangential passage. The radial
passage did not give true radial flow because it was %too
short to direct the air properly. This possibility was
considered before the passage was counstructed and the pas—
sage was made as long as the cylinder head would permit.
In a2 direction parallel to the axis of the cylinder, how-
‘ever, there is a small projesction of the passage cross
section through which the air could flow directly into
the chamber without coming in contact with the walls of .
the passage. The tendency for the air from the cylindeT
"to pass directly into the chamber must have been suffi-
cient to displace the dlirection-of flow from the axis of
the passage and cause a rotational swirl in the chamber
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opposite 1In direction to that induced by the tangential
passage.. .. . .. : S

| Since.the.forced air flow_with both- passages is tan-
" gential, the difference in performance'shdwn for the 4if~-
ferent fuel—valve locations is more readily explained
(fige 7)s It was .found that with the spherical chambers
the performance was improved by iajecting the fuel at the
rolint on the circumference of the chamber nearer the con-
necting passage. The upper hole 1 was better when using
the radial passage and the center hole 2 better when using
the tangential passage. (See fig. 2.) In the disk cham-
ber, injecting the fuel noar the passago mouth but diroct-
ly toward the passage gave the worst rosults.

Effect of injection systomg.~ Figure 8 shows the re-
sults of the injectionsysten testess The object of theae
tests Wwas to obtain a fuel spray whose characteristics
best suited the 50-percent vertical disk chamber and tan-
gential passage, the arrangement that had given the best
.performance for this size of chamber. It should be noted
that, for the combustion-chamber arrangement employed for
these tests, the -optimum performance was obtalined with an
injection period of-21 crankshaft degreses. With but few
exceptions, the engine performance ‘decreased for injectlon
periods either longer or shorter than this wvalue. The
longer injection period caused the combustion of part of
the fusl to occur too late in the c¢ycle. The shorter in-
Jection period cauged too high a rate of pressure rise,
because too much fuel was in the cylinder when the fuel
1gnitod. For this reason the pormissible injocction ad-
vancoe angle was oo late, with the resulting poor poerform-
BNCO,.

The injection period was the only spray characteris—
tic accurately measured during the injection-system tests.
The other characteristics such as distribution of fuel in
the spray, spray-cone angle, and atomization should not be
critical in this type of combustion chamber becauss there
should be sufflecient air flow in the auxiliary chamber to
insure good mixing. Penetration and spray—-cone angle have
some .effect, howeveor, as shown by the tosts on orifice _
longth~diametor ratio (L/D). Iun this case tho best per~
formance and quietest operation were obhtained with an L/D
of 6, which should give the greatest penetration and small-
est spray—oone angle: of any nozzle tested.'

v

- —— ———— &
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The performance obtained with the multiple-orifice
nozzles giving fan sprays is not shown on the curves be~
cause there was a slight decrease in power at test speeds.
There was an improvement, bowsver, in the starting and
1idling characteristics. This phenomonon can &also be at-
trivuted to air flow, or rather the lack of air flow, at
low engine spoedse. The small orifices of the multiple-
orifice nozzle assist starting and slow-~speed running by
giving good dispersion. Theo increased dispersion of the
multiple—~orifice nozzle over that of the single—~orifice
nozzle is not effective when the engine speed is high
enough to give high—velocity air flow in the auxiliary
chamber whilo the greater penetration of the single-ori-
fice nozzle is effective. . -

Variable fuel—quantity tests.~ The results of the powsr
teste made with the best combustion~chamber shaps and fuel-
injection system tested are shown in figure 9. The curve
of mean effective pressure -against fuel quantity shows the
characteristic straight line at small fuel gquantities, '
but, for the combustion chamber under test, this cordition
continues to comparatively large fuel gquantities. The mean
effectlve pressure varles linearly with the quantity of

fuel injected up to a fuel quantity of 2.25 X 10™* pounds
per cycle (air-fuel ratio approximately 23 : 1), The curve
begins to droop at this point and when the fuol gquantity

is increased to 2.90 X 10™* flame appoars im tho exhaust.,
With this type of combustion chamber, the flame appears
in the exhaust before smoke. Both flame and snmoke can be
seen at full-load fuel gquantity.

It seems reasonable to conclude that, as more than
50 percent of the air is efficiently burned, most of the
chamber air is consumed and the air not uwtiliged is in the
more inaccessible cyliander clearance, Future investiga-
tions will be directed toward making the fuel reach more
of the cylinder air.

The points of figure 9 that do not fall on the curve
represent the data obtained with the injection advance an-
gle increased by 4°. It will be moted that the explosion
pressure increased out of proportion %o the increase in
engine performance. TFor this reason, the injection ad-
vance angle was not further increassd. In all exzcept
these tests the injection advance angle was &etermined by
the combustion sound. In these tests, although the sound
of combustion became m ore intense, the condition was not
dangerous.
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At full~load fuel gquantity during the variable-~load
run, made with the best combustion chamber shape and fuel~-
injection system, indicator cards wers taken from the
chamber and cylinder (figs., 10 and 1l). These cards are
typical of the indicator cards obitained from this enginc.
The rates of Pressure rise determinod ‘from the iIndlcator
diggrans are’ 68 and 45 pounds per sfuare ‘inch per degree
for the cyllnder and prechamhar, regpectlvoly..

" CONCLUSIONS

From the restilts of the investigatlion to date on the

auxiliary~chamber type of cylinder head, several optimunm

conditions are evident. For maximum performance of this
" engine ‘having a B5-inch bore and a 7—~inch strolke the pre~
‘chamnber should be as large ag possible, shaped as a disk,
and connected to the cylindér clearance by a single pas~-
sage whose area is governed by the performaince at the de-
signed engine -speed. (Sce reference 4.) The passage
shotld enter the prechambor tangentially so as to cause a
strong rotational air flows The passage should enter the
cylinder radially.and should be flared to spread the is-
suing gases over tie plston crown. The injection poriod
of the fuel spray should be approximately 2L crankshaft
degrecs., Tho nozzle uscd should have a 31nglo round-holo
orifice of approxinately 0.050-inch diameter and an ori-
fice length~diameter ratio of approximately & to give a
narrow spray cone with algh penetration. Thig spray should
be directed across the disk chamber toward the mouth of the
connecting passage. The fuel-valve location and spray di-
rection greatly affect the engine performancs.

It was found possible %o improve the starting of the
prechamber engine by using an auxiliary nozgzle to inject
a small percentage of the full-load fuel quantity 1nto tha
cylinder clesaranco.

The changes in combustion-chamber deslign reported in
this work have improved the sngine performance at 1,500
TePele, full-load fusl gquantity, from 98 pounds per square
inch brake mean effective pressure and 0.57 pound brake
fuel consumption to 115 pounds per square inch brale mean
effective pressure and 0.49 pound brake fuel consumption.

Langley Memorial Aeronautical Laboratory, -
National Advisory Committee for Aeronautics,
Langley Fileld, Va., November 12, 1934,
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Figure 2.-N.A.C.A. cylinder-heed design 7 showing spherical prechamber,
with tangential and radial (dotted) passages. )
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Figure3.-N.A.C.A. cylinder-head design 7 showing disk-shaped prechamber.
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